The abstract for this article can be found in this issue, following the table of contents. DOI:10.1175/BAMS-D-14-00271.1 In final form 24 November 2015 ©2016 American Meteorological Society T he World Meteorological Organization (WMO) defines climate services as the provision of climate information prepared and defined to meet users' needs (WMO 2011) . Such climate services could thus include a variety of sector-specific climate research (e.g., Hartmann et al. 2013) , including investigations into past, current, and future climate as well as associated observed and projected trends. The process of linking the climate data production with user demands is a complex one (McNie 2013) and requires codesign (Bradwell and Marr 2008) . WMO also emphasizes that the development of climate services should extend beyond traditional meteorological information to encompass nonmeteorological data in the areas of agriculture, health, infrastructure, and various other socioeconomic considerations.
There are increasing efforts to improve the delivery of climate services at national, regional, and global levels. These efforts include Global Framework for Climate Services (GFCS; Hewitt et al. 2012) and Copernicus Climate Change Service (C3S). The aim of the GFCS, led by WMO, is to strengthen the provision and use of climate predictions, products, and information worldwide, and the vision of the C3S is to provide an authoritative source of qualityassured climate information for Europe and globally. Furthermore, a European research and innovation Roadmap for Climate Services has been recently elaborated by an expert group established by the European Commission (Street et al. 2015) .
Given the scales and ambition of envisaged climate services, there are many challenges to be addressed. Among other contributory factors, two salient considerations may be highlighted: 1) The climate services' end user community is not fully known in advance; besides well-known, identifiable users (e.g., governments at various levels), the need for climate-sensitive information pervades many areas of society, and so the user base is poised to grow with the increased accessibility of information. 2) Even if the needs of an end user group were very well known, it may not be straightforward to fully meet them. For example, when delivering observational data, the inevitable limitations of the observing systems need to be acknowledged. Neither in situ measurements nor remotely sensed ones cover all the temporal and spatial scales that are requested by users. Both considerations should be kept in mind when addressing the challenging question of whether a produced and delivered piece of climate information is fit for purpose.
Typically, climate observations are generated by a diverse combination of instrumentation and computational processing, and the observation density changes over time and location. For these reasons, careful harmonization of observational datasets is essential. A range of different techniques are available for interpolating spatially irregular marine and meteorological observations to regular grids. Examples include the European daily high-resolution gridded dataset (E-OBS) for Europe (Hofstra et al. 2008) , the Global Historical Climatology Network for land station observations (Menne et al. 2012) , the International Comprehensive Ocean-Atmosphere Dataset for surface marine observations (Woodruff et al. 2011) , and the Global Precipitation Climatology Centre (Becker et al. 2013) at the global scale, in addition to many products at national levels, for example, over Finland (Aalto et al. 2013) .
Besides utilizing gridded climate observational datasets, climate service provision may benefit from assimilation-based reanalysis activities. These extend beyond traditional reanalysis dataset production to related activities such as observational dataset evaluation. Currently there are more than 15 (40) atmospheric (oceanic) global reanalyses produced by different institutions. The reanalysis systems employed aim for a consistent analysis of archived Earth observations (preferably those that have undergone reprocessing; Bosilovich et al. 2013) , using a modern analysis and forecasting system (Dee et al. 2014 ). With such systems it is possible to derive estimates for the atmosphere-ocean-Earth system state in a scientifically traceable manner and approaching the quality needed for the most demanding climate applications. The assimilationbased algorithms spread information from observed parameters and locations to times and locations where the in situ or satellite data coverage is poor or nonexistent.
For supporting climate services, there is a growing need for characterization and communication of dataset uncertainties. This applies both to "purely observational" datasets (e.g., in case of the E-OBS dataset; Hofstra et al. 2010) and to reanalysis datasets. The comprehensive range of geophysical parameters and spatiotemporal scales available in a reanalysis dataset, together with the complexities of modern analysis/forecast techniques, means that reanalysis uncertainty characterization is a significant challenge. It requires a close and sustained cooperation between reanalysis producers and the wider climate service community, including the user application and science communities. Mechanisms to facilitate the sharing of knowledge will be vital, and we thus acknowledge the richness of the exchanges and comments posted on the community forum website reanalyses.org.
With such considerations in mind, it was decided to conduct a worldwide user survey of awareness and needs concerning reanalyses and climate services. The main aim was to gather responses that would inform future development of reanalyses in support of climate services. A goal of the survey was also to foster discussion with users with a view to engaging in closer cooperation. A previous reanalysis user survey, namely, about 40-yr European Centre for Medium-Range Weather Forecasts (ECMWF) ReAnalysis (ERA-40; Uppala et al. 2005) , was conducted in 2004/05 (Hollingsworth and Pfrang 2005) . Most of the 127 respondents gave positive feedback about the quality and accessibility of the ERA-40 data. That survey revealed that users desired increased resolution, longer time spans, and more regular extensions of the time series to the present. Despite the relatively small number of respondents, the survey provided valuable input for shaping the definition of ECMWF interim reanalysis (ERA-Interim; Dee et al. 2011 ) and ECMWF twentieth-century pilot reanalysis (ERA-20C; Poli et al. 2013) , with the former continuing into the present and the latter covering the entire twentieth century.
The new survey reported in the current article was conducted in the period from November 2013 to February 2014. The survey elicited responses from 2,578 users of climate information drawn from 10 sectors (private, education, etc.) and 28 fields of work (weather, climate, ecosystems, etc.) . Recognizing the interest within the GFCS and C3S in agriculture and food security (Tall et al. 2014) , we nonetheless sought and accepted responses worldwide. The respondents were queried about four main themes: 1) demographics and scientific background, 2) their use of data and applications, 3) their awareness and needs in regard to reanalyses, and 4) their perceptions of climate services. For each theme, two or three main questions were presented with several subsections (more information can be found online at http://dx.doi .org/10.1175/BAMS-D-14-00271.2). This paper briefly addresses themes 1 and 2 with an emphasis on themes 3 and 4.
The survey was put online for around 105 days. It was launched on November 2013 by the Finnish Meteorological Institute (FMI) and by WMO; the latter sent an invitation letter (see the supplemental information, section labeled "Please take part in the reanalysis user and application survey") to its focal points who then distributed it further. During the next two weeks, the survey was posted on the project web pages, on FMI internal web pages, and, with help from the National Oceanic and Atmospheric Administration (NOAA), on reanalyses.org. The closing of the survey was originally scheduled for the end of January 2014, but it was later postponed by a month (see the supplemental information).
The number of respondents first grew only gradually (Fig. 1) . During the first two months the total number of respondents was 183 (and 64 left their contact information, hereafter CON). On 21-22 January a very successful effort was made to increase the response rate, as NOAA advertised the survey to the reanalysis community by sending messages to reanalysis_20cr-notify, all of NOAA Earth System Research Laboratory (ESRL), all of University of Colorado (CU)/Cooperative Institute for Research in Environmental Sciences (CIRES), and acre-discussion @met-acre.org, and ECMWF sent an e-mail to its registered users. Within the next five days we received an additional 1,332 responses (463 CON). During 26 January-23 February, the number of respondents increased by 203 (85 CON). A reminder by ECMWF on 24 February resulted in a new sharp peak, with 860 responses (292 CON) during the last five days before the survey was closed. That means that during the two 5-day periods, one in January and the other in February, following the e-mails from NOAA and ECMWF, altogether 2,192 respondents (755 CON) took part in the survey. Thus, we suspect that most of these respondents were directly influenced by the advertisements, whereas many of the remaining respondents (386 in total, 149 CON, or about 15%) may have found the survey link more independently.
Collecting background information about the survey respondents. The first two of the four main themes that the respondents were queried about concerned demographics and scientific background (Q1-Q3, Q12) and the use of data and applications (Q4-Q6; see the supplemental information, section labeled "Reanalysis user and application survey"). Because the survey primarily focused on finding the specific needs of the respondents for the scientific development of reanalyses and climate service portfolio, traditional demographical information such as age, gender, climate services (Q10 and Q11; see the supplemental information, section labeled "Reanalysis user and application survey"). For question Q8 ("Regarding the characteristics of reanalysis data, would you say that…?"), a total of 23 statements were proposed, asking users to express their level of agreement/ disagreement on a five-point scale. For question Q10 ("Do you think that climate service should include the following tasks or activities?"), a total of 15 different future climate service tasks and activities were proposed. The total number of respondents was 2,486 for Q8 and 2,192 for Q10. We used a five-level Likert scale, meaning that for each proposed statement, the respondents could select between five alternatives [from 1 (fully disagree) to 5 (fully agree)] or skip. Note that in this paper we use a reversed scale compared to the original one in the supplemental information (see the section labeled "Reanalysis user and application survey"). For each proposition, we calculated the mean and standard deviation across ALL and separately for the four subgroups (WAT, AGR, FOR, and ENE): the higher the mean, the higher level of agreement. For each statement, the statistical significance of the difference between the resulting mean and the median Likert item 3 was assessed using a two-sided one-sample Student's t test.
To test for correlations between the answers of the subgroups, principal component (PC) analysis (PCA) was performed using the RDA function from the Vegan package (Oksanen et al. 2008) in R (R Development Core Team 2013). This technique reduces the dimensionality in a dataset, searching for an arrangement that explains the most variation in the data. The best linear fit for each subgroup to the PCA ordination scores was determined, testing the significance of the fit using a permutation approach (implemented by the envfit function). For the analysis, the subgroups were coded as dummy variables (1 indicates "belongs to group"; 0 indicates "does not belong to group").
Free-form comments concerning reanalysis datasets (Q9) and future climate services (Q11) were analyzed only for the four selected subgroups. The share of respondents leaving free comments for Q9 was roughly one-third (from 34 respondents in FOR to 97 respondents in ENE) and less than one-fifth (from 21 respondents in FOR to 37 respondents in ENE) for Q11. education, or income level were not asked. Instead, the survey queried the sector of work (or the employment type), discipline or subject of work, and the region of the world the respondent mainly focuses his work. Voluntary responses about contact information, including country of residence, were also welcomed (see CON in Fig. 1 ).
To describe their field or subject of work, respondents were offered the choice of 28 alternatives, and they were invited to select all the fields that applied.
In addition to the answers of all the respondents (ALL; 2,578 respondents), attitudes of four subgroups will be examined in this paper. The selected subgroups consisted of respondents declaring their main field or subject of work to be freshwater resources and management (WAT; 172), agriculture and food production (AGR; 139), forests (FOR; 113), or energy (ENE; 249).
The respondents' sectors of work (employment types) were analyzed for ALL and for the four subgroups. In addition, to ascertain if the advertisements of the survey by e-mails from NOAA and ECMWF had an influence on the demographical distribution of the respondents, we compared the sectors of work for ALL before 21 January 2014 and after that date.
To obtain further background information about the respondents, they were asked to state whether they use reanalysis data, and if so, they were invited to select all the reanalysis datasets that applied. Essential climate variables (ECV) were considered. Respondents were also asked about applications and methods used.
Analyses of the respondents' opinions and needs.
The main aim of the survey was to identify awareness and needs of the respondents in regard to reanalyses (Q7-Q9, Q11) and their perceptions of After filtering out vague responses and answers of the type "no comment," the number of remaining responses decreased further. Two reviewers investigated the responses by reading and clustered those with clear suggestions and opinions. Because similar topics arose both in Q9 and Q11, the responses for these two survey points were merged. Because of the very subjective nature of their analysis, the free comments can only be handled as a presentation of a variety of opinions about the users' needs concerning reanalyses and climate services.
RESULTS.
Demographics, scientific discipline, and regional focus of work. Based on CON provided by 907 (35%) out of 2,578 respondents, people from at least 97 countries took part in the survey. The highest number (153) of CON came from China, second (81) from India, and third (71) from the United States. At least 30 contacts were also obtained from Germany, France, Italy, Spain, and Indonesia (Table S1 ). Education and public research and development (R&D) were among the most important fields of work for the respondents in China, India, Japan, and the United States. The private sector was represented especially by the United States, France, Germany, India, and Italy (not shown).
Considering ALL, WAT, AGR, and FOR, the majority (80%) of respondents were from the education or public R&D sectors. ENE was an exception in that the private sector was as numerous as the public R&D sector (85 respondents or 34%; Fig. 2 ). Respondents from public sector operations other than R&D, from international agencies or organizations, and from the nonprofit sector appeared in the minority in the four subgroups.
We compared the respondents' sectorial distributions before and after 21 January 2014, the date of the first advertisements that were followed by the sharp increase in the number of responses (Fig. 1) . No statistically significant difference was found (chi-squared test). This suggests that e-mailing by NOAA and/or ECMWF did not bias the demographical orientation of respondents, at least not for the distribution of sectors of work.
The two most prevalent fields or subjects of work for ALL were climate and weather, the former occurring among 73% of ALL and the latter among 47% of ALL (Table 1) . Only 18% of ALL declared that their work involved neither. The subgroups appeared in the seventh position for ENE (10% of ALL), ninth position for WAT (7%), twelfth for AGR (5%), and thirteenth for FOR (4%). Because the survey invited respondents to choose all the fields that applied, these groups were partially overlapping. AGR and FOR had the largest proportion of common respondents.
The respondents reported geographical interest for the whole globe, Europe, and Asia, which were included in the six most popular regions for ALL and the four subgroups. The most common regional focus of work for the four subgroups was Europe, especially for ENE (50%) but also for WAT, AGR, and FOR (33%). For ALL, the whole globe was the most typical regional focus of work (32% of the respondents). Also Africa was included in the six most popular regions for ALL and the four subgroups. In addition to these, ALL concentrated also on the oceans [Pacific Ocean (9%) being fourth and "Mostly oceans" (8%) being sixth position]. AGR focused on continents with developing countries [International Monetary Fund (IMF) definition], with Africa (27%) being in second and South America (20%) being in fourth position; FOR focused on continents ["Mostly continents" (23%) being in fourth position]; and WAT (19%) and ENE (12%) focused on specific countries ("Specific countries" being in fourth position for both of them).
Reanalysis products used. Among ALL respondents, the largest counts for the use of different atmospheric reanalyses were for ERA-Interim (2,049/2,578; 79%); ERA-40 (1,325; 51%); National Centers for Environmental Prediction (NCEP)-National Center for Atmospheric Research (NCAR) reanalyses (R1; 1,010; 39%); NCEP-DOE Atmospheric Model Intercomparison Project phase 2 (AMIP-II) reanalysis (R2; 592; 23%); and NCEP [Climate Forecast System Reanalysis (CFSR; 572; 22%; Table 2 ]. ERA-Interim alone was used by 391 respondents (15% of ALL), whereas 241 respondents (9%) did not use any atmospheric reanalysis by ECMWF and 90 (3.5%) declared not using any reanalysis products at all. For a more complete list of atmospheric and oceanic reanalysis datasets used by ALL respondents, see Gregow et al. (2015) .
We also investigated usage counts for each of the four subgroups (Table 2 ). For subgroups WAT and AGR, ERA-Interim and ERA-40 were the most used reanalyses and NCEP reanalyses were the second most used. But for FOR and ENE, only ERA-Interim was clearly most used, whereas the NCEP reanalyses and ERA-40 were the second most used. Additionally, the proportion of ENE using National Aeronautics and Space Administration (NASA) Modern-Era Retrospective Analysis for Research and Applications (MERRA) as well as the proportion of ENE and FOR using NCEP-DOE AMIP-II (R2) was rather high.
User awareness and needs in regard to use of reanalyses.
Regarding the statements about the characteristics of reanalysis data, the mean scores given by ALL ranged from 3.1 to 3.9, and the standard deviations ranged from 0.9 to 1.3 (Table 3) . The average across all the statements was 3.5, and the standard deviation of the mean scores was 0.3. The statements were phrased such that higher scores meant greater satisfaction with the characteristic, and lower scores meant more dissatisfaction.
When considering ALL, the propositions invariably obtained a score that was statistically significantly higher than the midpoint of the Likert scale (Table 3 ). This implies that the respondents were satisfied rather than unhappy with the characteristics of reanalysis data. On average, the respondents most strongly agreed with the proposition that "The data is easy to access." On the other hand, the propositions having the lowest statistical significance (two-sided p value between 0.002 and 0.01) and thereby exhibiting the least satisfaction were "The uncertainties are well characterized," "Plentiful training material is available on the web," and "I know how much the temporal true (feature) resolution differs from the nominal resolution in time." It is noteworthy that these proportions, together with a few other statements, had a high portion (50%-60%) of respondents being "in between" or not answering at all (Fig. 3) . This suggests that the issues in question may have been unimportant or unclear for many respondents. The results can be taken as an indication of the areas where there is need for future reanalysis development and increasing the awareness of the user community.
When considering the four subgroups separately, the need for further work related to the characteristics of tend to be worried about whether time-varying biases make the data too unstable for their needs.
In this context, it should be noted that survey respondents most commonly used reanalysis data for applications such as studies of atmospheric dynamics and physics and atmospheric and climate modeling (Table S2 ). The subgroups of WAT, AGR, FOR, and ENE also indicated time series analysis among the most common applications. ENE additionally uses reanalyses for resource assessment of renewable energies, WAT and AGR for studying climate change impacts, and WAT also for climate change detection. reanalysis data and user awareness became even more obvious. Now several statements failed to achieve a statistically significantly score higher than 3 (Table 3) . For example, the ENE respondents would appreciate, more clearly than ALL, improvements in spatiotemporal scales and more information about observation input to reanalysis. AGR and FOR shared the view with ENE that the data policy is somewhat restrictive and could be made easier and that the reanalysis data tend to become available too late. The WAT respondents especially wish for higher horizontal nominal (gridcell size) resolution and smaller biases compared with observations and Table 3 ). 
(OTH), oceans and sea (OCE), freshwater resources and management (WAT), snow and ice (SMW), agriculture and food production (AGR), forests (FOR), ecosystems and biodiversity (ECO), erosion and flooding of coastal areas (ERO), energy (ENE), industry (IND), transportation (TRA), economics (ECN), insurance (INS), architecture (ARC), construction and municipal engineering (CON), health and human well-being (HEA), tourist and recreation (TOU), safety and security (SAF), indigenous peoples issues (IND), geophysics and geochemistry (CPH), geoinformatics (GIS), geology (GEL), and geography (GEG).
A few percent (3.5%) of ALL had not used reanalysis products at all but applied climate data from other sources such as in situ, in situ gridded, or satellite data (Tables S2 and S3 ). It appeared that they slightly more commonly disagreed with the statements "The data can be imported easily by my software application," "The data is easy to access," "I know enough to work with the data," "The file sizes are not too large to work with," "Time-varying biases do not make the data too unstable for my needs," and "The general quality is good enough for my needs."
The principal component analysis revealed that the majority of the variation in the data can be suppressed into the first two components PC1 and PC2 (Tables S4  and S5 ). With regard to Q8, the two components PC1 (27%) and PC2 (12%) explain, in total, 39% of the variance. The two highest component loadings are temporal nominal resolution and general quality for PC1 and timely availability of the data and data policy for PC2. The Q10 responses regarding the opinions of future climate services can be largely described by PC1, which explains 56% of the variance. The component loadings for PC1 are almost invariant, with the detection of climate change and production of long-term climate projections representing only slightly higher loadings than the other components.
Based on the principal component analysis, the answers can roughly be grouped to concern "Quality and scale," "Metadata," and "Data policy" issues (Fig. 4a) . Concerning free-form comments about reanalysis data, the largest share of responses dealt with data access, formats, and quality. Many users hoped for earlier availability of data (Table 4) .
Respondents' opinions in regard to future climate services.
All of the 15 postulated climate service tasks and activities received, on average, positive interest from the survey respondents, as was shown by the PC analysis. The mean scores given by ALL ranged from 3.6 to 4.2 (Table 5 ) with a mean score of 3.8 (standard deviation of 0.2). For both ALL and the four subgroups, the mean score of each proposition was statistically significantly higher than the midpoint of the Likert scale 3. On the other hand, none of the activities gained a total consensus, as 7%-15% of the respondents did not think that these should be included in future climate services (Fig. 5) . The strongest support was expressed by ALL for Table 4 . Free-form comments concerning use of reanalyses. Two reviewers read through the responses and categorized the needs of users independently.
Reviewer A 1) The largest share of responses dealt with data access, formats, and quality. 2) Many users hoped for earlier availability of data. 3) Clear representation of uncertainties in the data was considered important. 4) Be able to compare reanalyses; users would like to have training and more online plotting tools. 5) Summer schools and workshops were mentioned and there was a wish that these training could be given in native languages as well. 6) There was an overall recommendation to make the access and downloading of data as easy as possible.
Suggested popular data formats included NetCDF. 7) There was a wish to have scripts available to help downloading and to have Windows and OPeNDAP compatibility. Open and free access was also desired.
Reviewer B 1) Improve resolution and provide longer time series (146). 2) Consultation, training, and tutorials for, for example, guiding in search of data (96).
3) More parameters that are currently not available (85) (missing data) 4) Data costs were not wanted, and data were desired to be more easily available (64). 5) Data format was considered difficult and suggestions were given (48). 6) Slow downloading bothered (39). 7) Near-real-time or real-time updates were desired (30). 8) Data quality (20). 9) Web page updates to become more user-friendly (14).
"Interpolation and production of gridded datasets based on observations, " "Provision of statistics based on observations, " and "Homogenization of weather station data. "
It appeared that the four subgroups in general gave somewhat higher scores for the proposed climate service tasks and activities than the respondents outside these subgroups (not shown). The three most consensual activities were the same (even with varying order) in ENE, FOR, and WAT as in ALL (Table 5) . Regarding proposed activities outside the top three, FOR valued "Statistical impact analyses for improving weather warnings and their criteria," "Climate change impact consultancy for decision makers," and "Production of long-term climate projections" clearly higher in their priority list than ALL did. AGR and WAT gave, in turn, more emphasis on "Applied weather and climate research for impact assessment," and ENE gave more emphasis on "24/7 updates, in the internet, of statistics of weather and climate" than ALL. Despite these differences, the principal component analysis for Q10 revealed clear similarities in the answers. Three clusters could be identified: "Climate change and long-term forecasts," "Bulletins and statistics," and "Observations and verification" (Fig. 4b) .
The 2,488 respondents that had used reanalysis for at least one geophysical variable exhibited more distinct polarity in their opinions on the issues of Table 5 : the fraction answering "in between 3" or not at all was on average 44%, whereas it was 60% for those who had not used reanalysis. In general, the reanalysis users agreed more strongly in all cases: their scores were 5%-22% higher than those of the others. The largest difference in response to individual questions was that the people using reanalysis were more in favor (22%) of the "Provision of statistics based on observations," whereas the others were more uncertain (22%). Other stronger differences in opinions for or against were that the reanalysis users agreed more strongly about "Monthly forecasting and verification" (20%), "Homogenization of weather station data" (19%), and "Interpolation and production of gridded datasets based on observations" (18%). Otherwise the differences in single questions (other than in between) were at most 15%. On average, the reanalysis users agreed more by 13% and disagreed more by 2.6%. The maximum difference in the average scores of individual answers was only 0.32. Given the potential for sampling bias arising from the high proportion (91%) of responses from ECMWF reanalysis users, we make no claim that the opinions expressed by survey respondents on climate service activities should be regarded as fully representative of the wider and time-evolving climate service community. We would, however, be pleased to contribute our sample to more comprehensive compilations of community opinion.
CONCLUSIONS. This paper reports on a survey designed to identify the obstacles to the use of reanalysis in support of future climate services. The results are based on a worldwide survey conducted in winter 2013/14. The contextual background of the survey respondents is indicated by their sector, field of work, and region of focus. The major sectors were public R&D (1,170 out of 2,578 respondents; or 45%) and education (941; 37%), and only a minority was from the private sector (189; 7%). Similar proportions were reported for three of the four selected subgroups: WAT, AGR, and FOR. These consisted of respondents who declared their main field of work to be freshwater resources and management, agriculture and food production, or forests. In contrast, approximately one-third of the respondents from the energy sector (ENE) represented the private sector.
The results from ALL indicated that reanalyses are used in various applications, for instance, when studying atmospheric dynamics and physics and/or working on atmospheric and climate modeling. The four subgroups also use reanalyses for time series analyses (WAT, AGR, FOR, ENE), for studying climate change impacts (WAT and AGR), for climate change detection (WAT), and for resource assessment for renewable energies (ENE). ALL particularly wish for better characterization and communication of the uncertainties and limitations of the reanalysis data. In addition, they desire less restrictive data policy, more help and information on websites, and faster updates and release of data. ENE and WAT respondents additionally wish for higher temporal and spatial resolution, and WAT also wishes for smaller biases. All of these points are pertinent considerations in the development of the Copernicus Climate Change Service (C3S) and the Global Framework for Climate Services (GFCS).
The respondents acknowledge that they need support to better understand the reanalyses. Summer schools and workshops were desired in the free-form answers by the four subgroups, who also expressed a need to have more ready-made scripts and tools to help downloading. If such support services were to be provided in native languages, it would be very much appreciated at least by some of the respondents. Reanalysis uptake as part of the future climate services could thus be increased by capacity building and by enhancing the outreach and dissemination activities. Some aspects of the capacity building would need to be undertaken by the data provider community, while other aspects would need to be undertaken by the data user community. We note the potential for different national bodies to provide native language Table 5 ).
support and encourage them to engage in the planning and implementation of the C3S outreach and dissemination (OD) as well as the GFCS capacity building (CB) future activities. Capacity building to characterize and understand dataset uncertainties, including the development of analytical techniques and provision of data evaluation tools, is of strategic importance and will require sustained effort.
Survey responses expressing interest in the delivery of tailored monthly to seasonal-scale forecasting for agriculture applications could be of interest to the research, modeling, and prediction (RMP) pillar of the GFCS. A similar conclusion concerning agriculture (and food production) was presented by Tall et al. (2014) who stated that the components within a climate service would need a seamless suite of forecast (subdaily to at least seasonal), advisory, and early warning products to help farmers manage evolving risks during the growing season with large enough lead time.
We caution against overinterpreting these results, particularly where sampling and response biases may affect representativeness; 1,332 (52%) responses came within five days after NOAA and ECMWF had advertised the survey on 21-22 January 2014, and an additional 860 (33%) responses arrived after the second e-mailing by ECMWF on 24 February 2014. Respondents using non-ECMWF reanalyses amounted to 1,010 (39%) using NCEP-NCAR (R1), 592 (23%) using NCEP-DOE AMPI-II (R2), 572 (22%) using NCEP (CFSR), 349 (14%) using Japan Meteorological Agency (JMA) Japanese 25-year Reanalysis Project (JRA-25), and 60 (2%) using the Japan Meteorological Agency Climate Data Assimilation System (JCDAS). Their responses allow identification of developments that would increase the user uptake of reanalyses more generally.
Counts of using various reanalysis datasets are of course influenced by many factors, including the population we were able to reach in the survey and the time that respondents had to familiarize themselves with the datasets, so it is not surprising that relatively new reanalyses such as JMA's JCDAS have lower counts. Usage counts are arguably most informative when tracked over time in a succession of surveys.
Existing reanalysis users represent one portion of the future climate services community that is itself anticipated to grow as the availability of climate information improves and new applications are developed. We recommend that further steps be taken to ascertain more comprehensively the needs of the wider climate services community and offer our results as a contribution to the broader effort. The responses of this survey are most suited to studies of the characteristics and use of reanalysis data. In the future, our investigations will concentrate on the differences between users' views of the various reanalyses and datasets, user applications, and fields of work such as safety and insurance.
